The effects of protein nutrition on insulin-like growth factor-I (IGF-I) receptor in various tissues of rats were investigated. Northern blot and dot blot hybridization analyses were performed using RNA from testis, heart, lung, intestine, stomach, kidney, and brain of rats fed on a 12% casein diet, on a 12% gluten diet which was marginally deficient in lysine and threonine, or on a protein-free diet. The mRNA content of IGF-I receptor in the testis and heart of the rats fed on the 12% gluten and protein-free diets was significantly larger than those of the rats fed on the 12% casein diet. Whereas in other tissues examined, IGF-I receptor mRNA content did not change significantly under the different nutritional conditions. The amount of IGF-I receptor in these tissues and the affinity to IGF-I were determined by measuring the amount of 125I-labelled-IGF-I bound to solubilized IGF-I receptor. The affinity of IGF-I receptor to IGF-I in each tissue under the various nutritional conditions did not show any marked differences. The number of receptors did not change in the testis, lung, intestine, brain or kidney; possibly increased in stomach of the rats fed on the 12% gluten or protein-free diet; and slightly decreased in heart of the rats fed on the 12% gluten diet compared with that of the rats fed on the 12% casein diet. These results indicate that the synthesis of IGF
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* To whom all correspondence should be addressed . Table 2 shows the body weight and food intake of the rats fed on the casein, gluten or protein-free diet in Experiments 1 and 2. There were significant differences among the dietary groups both in body weight and food intake. Therefore, the possibility that the present results were influenced by the difference in food intake could not be excluded.
RESULTS

Animal characteristics
Effect of protein nutrition on the mRNA content of IGF-I receptor Figure 1 shows the results of Northern blot analysis of IGF-I receptor mRNA in the brain of the rats fed on the casein, gluten or protein-free diet as an example. The mRNA showed a single band at 11kb as described by Ullrich et al. (15) . Because the cDNA probe gives single band in Northern blot analysis, we concluded that the probe can be used to measure the mRNA content of IGF-I receptor by dot blot hybridization. Figure 2 shows the relative amount of IGF-I receptor mRNA in various tissues of rats fed on the casein, gluten or protein-free diet determined by dot blot hybridization. In this figure, the relative radioactivity of the mRNA was expressed taking that of the casein diet group as 100. The results showed that IGF-I receptor mRNA increased significantly in the testis and heart of the rats fed on the gluten and protein-free diet compared with that of the rats fed on the casein diet.
Effect of protein nutrition on the amount of IGF-I receptor and its affinity to IGF-I
The number of binding sites and the affinity constant of the hormone-receptor interaction were determined by Scatchard analysis. Table 3 shows the affinity and the absolute number of IGF-I receptors in each tissue. As two binding sites which had different binding affinity were obtained in heart and lung, the higher affinity binding sites were determined as the IGF-I receptor, as other researchers had assumed (18) . The affinity of IGF-I receptor to IGF-I did not change significantly among the dietary groups. In testis, lung, intestine, kidney and brain, the receptor number did not change in rats fed on the gluten or protein-free diet compared to those fed on the casein diet, although in heart, the receptor number slightly decreased in the groups of rats fed on the gluten diet, and in the stomach, the receptor number increased in the groups of rats fed on the gluten or protein-free diets. The affinity was much lower in the intestine than in the other tissues examined.
DISCUSSION
Extensive works on nutritional regulation of IGF-I synthesis have revealed that plasma IGF-I concentration and hepatic IGF-I mRNA decrease under protein malnutrition and its plasma concentration reflects well the growth rate of the animals fed on various dietary protein sources (1, 19) . Plasma concentration and tissue mRNA content of some IGFBPs are also regulated by protein nutrition; i .e., plasma BP-3 and BP-4 concentrations decrease (6) , and plasma concentration and hepatic mRNA content of BP-1 and BP-2 increase under protein malnutrition (6, 7, 20) . However, we do not have enough information to know how IGF-I receptor synthesis in various tissues is regulated in response to protein nutrition.
The present results firstly show that the IGF-I receptor mRNA level in testis and heart increased under poor nutritional conditions, such as amino acid deficien cy or protein deprivation. IGF-I receptor mRNA level has been shown to increase in the heart, kidney and stomach in fasted rats (21) and in the heart and kidney of diabetic rats (22) . The IGF-I receptor mRNA expression is also reported to increase in rats during GH deficiency (23) and to decrease during postnatal development (13) . Because the plasma IGF-I concentration decreases in GH deficiency and increases during postnatal development, these results suggest that IGF-I receptor mRNA level in tissues is down-regulated in response to an increase in plasma concentration of IGF-I. On the other hand, the response of IGF-I receptor mRNA content to protein malnutrition in each tissue was different under the above conditions and suggests that the level of IGF-I receptor is regulated in a tissue-specific manner. The IGF-I receptor mRNA level is also differently regulated in each tissue in the present results, which suggests that local factors including locally produced IGF-I may modulate IGF-I receptor mRNA.
The promoter regions of rat and human IGF-I receptor genes were cloned and multiple Sp 1 sites and WT1 binding sites were reported to be responsible for the promoter activity of IGF-I receptor gene (24) (25) (26) (27) (28) . Furthermore, various binding sites for other transcription factors have been demonstrated recently in the 5' region of human and rat IGF-I receptor genes (24) (25) (26) . The observation in the present study may be explained by the changes of those factors in the future.
In the present results, the amount of IGF-I receptor was investigated in 7 tissues and was shown to increase under poor nutritional conditions only in the stomach, but did not change in other tissues. The increase in the number of receptors may have led to the increased sensitivity to IGF-I. The previous report showed that the IGF-I receptor number increased in the muscle of rats fed on a low protein diet but it did not examine other tissues (18) . Because we collected the solubilized membrane fraction from 5 rats in each dietary group together and performed the following binding assay, we did not analyze the data statistically. The affinity was much lower in the intestine compared with that in other tissues for unknown reasons. The possible explanations are: 1) a different form of IGF-I receptor is expressed specifically in intestine, 2) post-transcriptional processing of the IGF-I receptor decreased the affinity to IGF-I, and 3) the solubilized membrane fraction of inseestine contains a substance(s) which reduces the affinity of IGF-I receptor to IGF-I. The results of Northern blot analysis showed that IGF-I receptor mRNA in intestine had the same molecular weight as that in other tissues.
The relative increase or decrease of IGF-I receptor mRNA and receptor number under poor nutritional status in this study was less than 2-fold in most cases. This was not as great as the changes in the plasma concentrations of IGF-I and IGFBPs as we have reported; IGF-I mRNA content in liver of rats decreased to 29-44% (3) and IGFBP-1 mRNA content increased 6-fold (7) following protein deprivation, and the plasma IGF-I concentration decreased to 22-58% (2) and IGFBP-1 increased 5-to 10-fold (M. Iwaki et al., manuscript in preparation). Because the plasma concentration of total IGF-I, free IGF-I and some forms of IGF-I bound to specific IGFBP may affect how much IGF-I can access IGF-I receptors, the plasma concentrations of IGF-I and IGFBPs may be the primary factors which determine the strength of the signals transmitted to target tissues under various physiological conditions.
In conclusion, we provide evidence that a relatively stable amount of IGF-I receptor is expressed and the affinity of IGF-I receptor to IGF-I is not affected in most tissues of rats by poor nutritional condition. These results mean that the plasma concentration of IGF-I and IGFBPs may mainly regulate protein metabo lism in target tissues under various nutritional conditions.
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